Abstract. The rotary percussion drilling technology can greatly increase the penetration rate of deep and ultra-deep wells; however, the short service life of the impactor limits its wide application. Therefore, the turbine type hydraulic impactor developed by the China University of Petroleum (Beijing) for the deep and ultra-deep wells was used to extend life of impactor. Based on the analysis of pressure field and velocity field under different flow conditions, the drilling fluid flow range of rotary percussion drilling was optimized to be 32-41 L/s. In this range, it can ensure that the wearing parts of the turbine hydraulic impactor can fully exert the impact of the impactor and high rock breaking efficiency without serious erosion. Application of deep well sections in ultra-deep wells in Tarim Oilfield achieved that the penetration rate of the rotary percussion drilling increased by more than 60% compared with the composite drilling technology. At the same time, the normal working life of the turbine hydraulic impactor was more than 140 hours, which is more than 2 times of the life of the screw drill. The results of field application show that the turbine hydraulic impactor has a wide application prospect in deep and ultra-deep wells drilling.
Introduction
With the development of oil and gas exploration and development in China's land, a large number of deep and ultra-deep wells have been developed. The characteristics of large drilling depth, complex formation, poor drillability, complex structure and high bottom hole temperature in deep and ultra-deep wells drilling cause some problems by using conventional composite drilling technology, such as low rate of penetration(ROP), long drilling cycle and high drilling cost [1, 2] . It Has greatly affected the speed of China's oil and gas exploration and development, so the new drilling technology to improve the ROP of deep and ultra deep wells has become one of the most important research subjects in China's energy sector in recent years [3] .
Rotary percussion drilling technology is a new type of drilling technology of rotary drilling and percussion drilling [4, 5] , which is a new technique of high efficiency rock breaking with the main impact and rotary shear as the auxiliary. Under the impact of dynamic load, the hard brittle formation is easier to break, resulting in large volume crushing, thus gaining high rock breaking efficiency. Therefore, the rotary percussion drilling technology can be used in the deep layers of the deep and ultra deep wells to improve the drilling speed.
Rotary drilling technology has become one of the most important technologies in the drilling of solid mineral resources. It is proved that the rotary drilling technology can greatly improve the drilling speed in hard formation [6, 7, 8] . Because the circulating medium of oil drilling is mainly mud, weighting agent must be added in mud to balance bottom hole pressure, Causing serious wear and erosion of key components of the impactor (valve type double acting, jet type and suction type) [9, 10, 11] . The service life of the rotary percussive drilling tools is short (about 80 hours), and Cannot match with the life of high efficiency drill bit (about 200 hours), and failed to give full play to the advantages of rotary percussion drilling technology. Therefore, it can not be widely used in oil well drilling [11, 12, 13, 14] . Accordingly, the turbo hydraulic impactor which newly developed by China University of Petroleum is used in deep and ultra-deep wells. The hydraulic parameters of rotary percussion drilling are optimized, and the experiments of rotary percussion drilling in deep and ultra-deep wells are carried out.
The Structure and Working Principle of Rotary Impact Tool
The turbine type hydraulic impactor is mainly composed of the rotary structure, the flow control structure, the impact structure and the energy transfer structure. As shown in Figure 1 . Its working principle: In the process of drilling tool down to the bottom of the well, with the pressure-control valve working, piston cylinder circulate normally and there is no drop pressure of upper and lower cavity of piston cylinder. In this moment, the impact hammer doesn't move. When drilling tool reaches the bottom of the well, the piston and the hammer are moved upward for a certain distance by drilling pressure and gravity. At the same time, the upper and the lower cavity of the cylinder are respectively sealed. After the pump cycles, the blade of the hydraulic motor starts to rotate under the action of fluid flow in the drill string, and the distribution valve will be driven to open the lower cavity of the cylinder by the blades. With the lower cavity opened, the fluid will flow into the upper cavity. Then the pressure in the lower chamber increases, which can push the hammer upward, and gradually open the upper cavity channel to complete the ascending process. When the impact hammer reaches the upper cavity, the rotation of the turbine blade drives the distribution valve to open the upper cavity channel of the cylinder body. Because lower cavity and bottom hole have been conjoint, and the liquid flows into upper cavity, its pressure will increase and generate water hammering with the effect of high speed fluid near distributing valve outlet. The hammer will be pushed down and the water pass of lower cavity is gradually open until the hammer reach the anvil. When hammer reach the anvil, the water pass of lower cavity is completely opened and the stroke process is over.
Optimization of Hydraulic Parameters of Rotary Percussion Drilling
The drilling parameters of rotary percussion drilling mainly include drilling pressure, rotational speed and drilling fluid displacement, the determination of the drilling speed is the same as that of the conventional drilling. The author focuses on the optimization of drilling fluid displacement.
Under the condition that the outlet shape of the distribution valve is double arc and the inner arc radius is 44mm, the pressure field and velocity field are analyzed with the flow field of the turbine type hydraulic impactor are changed in turn [15] . The results are shown in Figure 2 and Figure 3 . Figure 2 shows the pressure difference between the import and export, upper and lower are increased with the increase of flow rate, but the distribution valve outlet pressure goes down. Specifically, the pressure difference of inlet and outlet when flow rate reaches to 36L/s is less than the pressure difference of inlet and outlet when flow rate has reached to 36L/s. The difference between the upper and lower chamber pressure is little before the flow reaches 32L/s. differential pressure linearly increases when flow rate that has reached the 32L/s, but the magnitude is small; with flow rate increasing, the both side of curve of outlet pressure distribution valve is mild, but the middle of the curve changes greatly; the flow rate of 36L/s is a node, and the curve is divided into two sections, before the curve arriving 36L/s, the pressure of the distribution valve outlet decline slightly, but the pressure decline more quickly after 36L/s. Figure 3 shows the outlet fluid velocity of the valve increases with the increase of inlet flow rate. The flow velocity of the outlet valve is slow before the flow reaches 36L/s, and the increase is greater when the flow exceeds 36L/s. Especially, when the inlet flow rate is changed from 36L/s to 41L/s, the outlet fluid velocity of the valve soared to 28m/s. Excessive flow rate tends to cause severe erosion of the piston chamber and the nozzle of the valve. It reduces the service of the tool, but also accompanied by high pressure consumption. So the flow should not be higher than 41L/s.
Based on the analysis of pressure field and velocity field under different flow conditions, it is concluded that the optimum displacement of drilling fluid is 32L/s to 41L/s. In this range, it is possible to ensure that the wearing parts of the turbine type hydraulic rotary impact tool don't have severe erosion and give full play to the impact of rotary percussion drilling. Meantime, it can meet the needs of hydraulic rock breaking, cooling bit and hole cleaning.
Field Test of Rotary Percussion Drilling Technology
In the Tarim Oilfield, the formation drilled is Permian igneous rock in the 4600 meters. The lithology is mainly basalt, dense hard and drillability reached more than 7. Using high temperature screw with PDC bit drilling technology, the ROP is generally about 3.5 m/h. And the service life of the high temperature and high pressure screw is generally 70 hours. The low ROP and short life of the screw makes the drilling cycle longer. In order to solve this problem, the field test of 4 wells was carried out by using the rotary percussion drilling technology, and the results of the field test were compared and analyzed.
BHA and Drilling Parameters
1) BHA: 9 1/2 "bit +197mm impactor + 8" shock absorber tool + 8" drill collar + 5" drill pipe.
2) drilling parameters: WOB: 8-12 tons, rotary speed: 60-90rpm, displacement: 24-41 L/s.
Test Result Analysis
The results of the field test of 4 deep wells in Tarim Oilfield are shown in Table 1 . Table 1 shows the ROP of the rotary percussion drilling increases more than 60% compared with that of composite drilling technology. At the same time, the normal working life of the turbine hydraulic impactor reaches 140 hours (more than 2 times the life of the screw drill). The results of field application show that it is possible to popularize the rotary percussion drilling technology with a new type of turbine hydraulic impactor, and it is significant to improve the ROP of deep and ultra-deep wells, shorten the drilling cycle and reduce the cost of drilling. 
Conclusion
(1) Based on the analysis of pressure field and velocity field under different flow conditions, the optimum drilling fluid displacement range of rotary percussion drilling is 32L/s-41L/s. In this range, it is possible to ensure that the wearing parts of the turbine type hydraulic impactor don't have severe erosion and give full play to the impact of rotary percussion drilling, getting the best rock breaking effect. (2) Through the application of the deep well section in ultra-wells of Tarim Oilfield, the ROP of the rotary percussion drilling is more than 60% compared with that of composite drilling technology, and the service life of the turbine type hydraulic impactor reaches 140 hours, which is more than 2 times the life of the screw. The results of field application show that the turbine hydraulic impactor has a wide application prospect in deep and ultra-deep wells drilling. 
